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方法：选择雌性 SD 大鼠 108 只。将实验动物随机分为假手术组（仅掀开椎
板，不损伤脊髓，I 组，n=36）、脊髓损伤对照组（损伤脊髓，不应用 raf 抑制
剂，II 组，n=36）、脊髓损伤后 PLX4720 干预组（损伤脊髓，应用 raf 抑制剂，
III 组，n=36），各组又分为伤后 1d，伤后 3d，伤后 5d，伤后 7d，伤后 14d 及
伤后 28d 等五个亚组,每个亚组各 6 只。 
各组均用改良 Allen's 法建立大鼠急性脊髓损伤模型，并在硬膜下放置
PE-0402 导管以便局部给药。I 组：在 SCI 后 30min 内和以后每天持续 7 天经导
管注射生理盐水 10μl；II 组：在 SCI 后 30min 内和以后每天持续 7 天，用微
量注射器经导管向损伤局部注射 10 μL 生理盐水（1mg/ml）；III 组：在 SCI 后 
30min 内和以后每天持续 7 天，用微量注射器经导管向损伤局部注射 10μl 
PLX4720（1mg/ml）。 
在脊髓损伤前及损伤后 1d、3d、5d、7d、14d 和 28d 对每组大鼠进行 BBB
评分。术后各组按预定时间点随机处死 6 只，取脊髓标本行 HE 染色、Nissl 染
色、GFAP/p-erk 双重免疫荧光染色、NeuN 免疫组化染色以及 Westem-blot 检测
相关蛋白表达，观察、计算阳性细胞数或阳性面积，软件分析蛋白积分吸光度。




（P＜0.05 ）。  HE 和 Nissl 染色显示术后各时间点实验干预组脊髓组织形态















































Objective: Previous studies have been proved that Raf / Mek / Erk signaling 
pathways with high expression after spinal cord injury, this pathway may play a very 
important role of functional recovery after spinal cord injury. To study the role of Raf 
/ Mek / Erk signaling pathways in the functional recovery after spinal cord injury, we 
build a experimental model of spinal cord injury in rats to have a preliminary study of 
the impact of the application of Raf inhibitor for neurological recovery of spinal cord 
injury, and for the further exploring of new therapeutic target after spinal cord injury. 
Methods: 108 female SD rats were randomly divided into sham group 
(laminectomy only, no damage to the spinal cord, I group, n = 36), the control group 
of spinal cord injury (spinal cord injury, do not apply raf inhibitor, II group, n = 36), 
spinal cord injury with PLX4720 intervention group (spinal cord injury, with the 
application of raf inhibitor, III group, n = 36), each group was divided five subgroups: 
1d, 3d, 5d, 7d, 14d and 28d after spinal cord injury, each subgroup with six rats. 
Each group was established by modified Allen's model of acute spinal cord injury 
and placed PE-0402 subdural catheter for topical administration. Group I: in 30min 
after SCI and within seven days after the continuous daily injection of saline through 
the catheter with 10μl; II group: 30min within seven days after the continuous daily 
later sustained by micro syringe through the catheter to the local injection of 10 μL of 
saline damage after SCI ( 1mg / ml); III group: 30min after SCI and within seven days 
after the continuous daily with a micro-syringe through the catheter to damage local 
injection 10μl PLX4720 (1mg / ml). 
Before spinal cord injury and 1d, 3d, 5d, 7d, 14d and 28d after injury, the rats 
were rated by BBB scoring. in each group six rats were sacrificed at each time point, 
then the spinal cord specimens were taken HE staining, Nissl staining, GFAP / p-erk 
double immunofluorescence staining, immunohistochemical of  NeuN and 
Westem-blot detection . The data were analyzed using statistical software SPSS17.0. 
Result: The BBB scores at each time point in the sham group were significantly 
















injury The BBB scores in the control group and the intervention group both increased 
gradually with time after injury, and the BBB scores from the 3d till the 28d in the 
intervention group were significantly better than the control group at each time point 
(P <0.05). The HE and Nissl staining showed that in the intervention group tissue 
morphology and the number of neurons were superior than in the control group at 
each time point. In the intervention group, immunofluorescence showed the integrated 
optical density of p-erk (IOD) and GFAP were higher than those in the control group 
at 14 days and 28 days, which mean significantly less tissue damage and smaller glial 
scar area than those in the control group (P <0.05). NeuN immunohistochemistry 
shows the number of surviving neurons in the intervention group was significantly 
higher than control group (P <0.05). WB detection of the p-erk and GFAP expression 
shown that in the intervention group was significantly decreased than in the control 
group, the expression levels in the intervention group was significantly lower (P 
<0.05). 
Conclusion: 
1. The activation of Raf / Mek / Erk signaling levels were significantly increased 
after the spinal cord injury, which can be inhibited by using the raf inhibitor 
PLX4720. 
2, Raf inhibitor PLX4720 can inhibit the activation of astrocytes which labeled 
with GFAP protein, affectting the formation of gial scar, creating an enabling 
environment to repair axon, promoting the recovery of neurological function. 
3, The Raf / Mek / Erk signaling pathway plays an important role in the repairing 
process after spinal cord injury, and provides a new target of the mechanism research 
and clinical therapy for spinal cord injury. 



















英文缩写 英文全称 中文全称 
SCI Spinal Cord Injury 脊髓损伤 
AST Astrocyte 星形胶质细胞 
RAS Reactive Astrocytes 反应性星形胶质细胞 
ECM Extracellular Matrix 细胞外基质 
ERK Extracellular signal-regulated Kinase 细胞外调节蛋白激酶 
MAPK Mitogen-activated Protein Kinase 丝裂原活化蛋白激酶 
GFAP Glial Fibrillary Acidic Protein 胶质纤维酸性蛋白 
BBB Basson-Beattle-Bresnahan rating scale BBB评分 
HE Hematoxylin and Eosin 苏木精-伊红染色 
Nissl Nissl stain  尼氏染色 
PBS Phosphate buffered saline 磷酸盐缓冲液 
NeuN Neuron-specific Nuclear Protein  神经元特异性核蛋白 
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第一章 前 言 











































（brevican）和 NG2 蛋白聚糖的表达明显上调 [8, 9]。在人类 SCI 后，CSPG 家族
的 NG2 和磷酸蛋白多糖在星形胶质细胞瘢痕周围均能被检测发现，而神经蛋白聚
糖和多功能蛋白聚糖则只能在病变中心被检测到[10]。在细胞和活体实验中，CSPGs
通过 Rho 激酶的介导作用可以抑制轴突出生长[11]。Siebert 和 Osterhout 发现在
活体中 CSPGs 可以直接抑制少突胶质前体细胞突起的生长和分化成熟[12]。有趣的










































变，各种细胞因子特別是炎症趋化因子如 TGF-β、IL-1β、IL-6 和 CNTF 等表达
增多，蛋白表达如环氧合酶 2、一氧化氮合酶和钙结合蛋白 S100β等表达增加[20, 
21]。目前已明确的几种可以激活 AST 成为 RAS 的信号通路，信号转导子.和转录激
活子（STAT）， 转化生长因子-β/Smad 蛋白信号通路（TGF-β/Smad），Sox9 转
录因子[20, 23]。 
RAS 增殖不仅是损伤后神经病理标志，在协调损伤反应结果方面也有重要作









胶原蛋白（collagen）[7, 25-28]。这些抑制因子又与 RAS 一起参与形成胶质瘢痕，




[12]。另外有学者研究发现 SCI 后 AST 同样可以分泌抑制因子来阻滞神经突触的再






















并激活 Raf；而 Raf 可将 Mek 磷酸化激活，p-MEK 进一步磷酸化 ERK1/2，然后
p-MEK1/2 再将细胞核内的 EIK-1L 磷酸化，此瀑布式的激活过程将神经细胞外的
信号通过细胞膜、细胞质传递到细胞核，来调节细胞周期调控细胞的增殖、分化
和凋亡等生理病理过程[33]。 
Raf 是一种 40-75kD 的原癌基因，负责编码丝/苏氨酸蛋白的磷酸化激酶,在
哺乳动物中通常存在三种类型:A-Raf、B-Raf、C-Raf(或 Raf-1),其中 C-Raf 是
目前研究最广泛的激酶[34]。通常 Raf 在静息细胞中处于非活化状态。受上游相关
信号激活后,Raf 募集于胞膜内表面,随后发生构型改变并暴露其磷酸化位点后


















[41]。近来有研究发现 Raf/Mek/Erk 通路能够影响对突触的功能储备[42]。 
在神经系统中，Raf/Mek/Erk 信号通路的活化增加已经被证明与神经组织损
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